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	 Sample	A	 Sample	B	 Sample	C	
Hydraulic	
conductivity	(cm/hr)	 4.2138	 0.7105	 2.111	
Saturated	moisture	
content,	θs	(%)	 0.4726	 0.5969	 0.4585	
Initial	moisture	
content,	θi	(%)	 0.0555	 0.3	 0.07272	
Soil	suction	head,	Ψ	
(cm)	 29.9	 48.1	 32.5	
Length	of	wetting	
















Time	(hrs)	 F	(cm)	 f	(cm/hr)	 S	(cm/hr1/2)	 F	(cm)	 f	(cm/hr)	
0.25	 5.79556	 13.2813	 15.8498	 8.62720	 18.6590	
0.5	 8.69871	 10.2551	 11.2075	 9.32950	 10.7341	
1	 9.78390	 9.58506	 7.9249	 10.7341	 6.77166	
1.5	 14.1090	 7.93851	 6.47065	 12.1387	 5.45084	
2	 17.8637	 7.15563	 5.60375	 13.5433	 4.79043	
2.5	 21.3090	 6.67999	 5.01214	 14.9479	 4.39419	
3	 24.564	 6.3531	 4.5754	 16.352	 4.1300	
3.5	 27.680	 6.1123	 4.2360	 17.757	 3.9413	





Time	(hrs)	 F	(cm)	 f	(cm/hr)	 S	(cm/hr1/2)	 F	(cm)	 f	(cm/hr)	
0.25	 2.06587	 5.61238	 4.7504	 2.49362	 5.22411	
0.5	 3.19530	 3.87975	 3.35904	 2.61205	 2.84891	
1	 4.82065	 2.81122	 2.3752	 2.84891	 1.66131	
1.5	 6.10848	 2.36834	 1.93934	 3.08577	 1.26544	
2	 7.22092	 2.11295	 1.67952	 3.32263	 1.06751	
2.5	 8.23224	 1.94067	 1.50220	 3.55948	 0.94875	
3	 9.17136	 1.81471	 1.37132	 3.79634	 0.86958	
3.5	 10.0571	 1.71746	 1.26959	 4.03320	 0.81302	







Time	(hrs)	 F	(cm)	 f	(cm/hr)	 S	(cm/hr1/2)	 F	(cm)	 f	(cm/hr)	
0.25	 2.22177	 14.0238	 11.5734	 6.13853	 12.9807	
0.5	 4.65561	 7.79610	 8.18362	 6.49037	 7.19404	
1	 7.88212	 5.46893	 5.7867	 7.19404	 4.30069	
1.5	 10.3820	 4.66036	 4.72482	 7.89771	 3.33624	
2	 12.5894	 4.21337	 4.09181	 8.60138	 2.85401	
2.5	 14.6204	 3.92132	 3.65983	 9.30505	 2.56468	
3	 16.5289	 3.71230	 3.34095	 10.0087	 2.37179	
3.5	 18.3471	 3.55361	 3.09312	 10.7124	 2.23401	












Ψ	 F	(cm)	 f	(cm/hr)	 Ψ	 F	(cm)	 f	(cm/hr)	 Ψ	 F	(cm)	 f	(cm/hr)	
10	 24.962	 4.918	 25	 8.344	 1.343	 15	 16.124	 2.869	
20	 29.451	 5.407	 35	 9.633	 1.477	 25	 18.872	 3.190	
30	 32.992	 5.812	 45	 10.638	 1.603	 35	 21.144	 3.459	
40	 36.040	 6.164	 55	 11.488	 1.721	 45	 23.102	 3.697	










Sample	A Sample	B Sample	C 
Lf	(cm) S	(cm/hr1/2) F	(cm) f	(cm/hr) Lf	(cm) S	(cm/hr1/2) F	(cm) f	(cm/hr) Lf	(cm) S	(cm/hr1/2) F	(cm) f	(cm/hr) 
4 0.834 12.905 3.018 1 0.149 2.192 0.511 3 0.579 6.787 1.552 
7 1.460 14.157 3.174 2 0.297 2.489 0.548 6 1.157 7.944 1.697 
11 2.294 15.825 3.383 4 0.594 3.083 0.622 9 1.736 9.101 1.841 
15 3.128 17.493 3.591 6 0.891 3.676 0.696 12 2.315 10.259 1.986 
19 3.962 19.162 3.800 8 1.188 4.270 0.771 15 2.893 11.416 2.131 
23 4.797 20.830 4.008 10 1.485 4.864 0.845 18 3.472 12.573 2.275 
27 5.631 22.499 4.217 12 1.781 5.458 0.919 21 4.051 13.731 2.420 
31 6.465 24.167 4.425 14 2.078 6.052 0.993 24 4.629 14.888 2.565 
35 7.299 25.835 4.634 16 2.375 6.645 1.068 27 5.208 16.045 2.709 
39 8.133 27.504 4.843 18 2.672 7.239 1.142 30 5.787 17.203 2.854 
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Figure	2:	Infiltration	rate	vs.	time	using	the	Green-Ampt	model	for	three	soil	samples.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	3:	Infiltration	rate	vs.	time	using	the	Philip	model.	
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DISCUSSION 
The	soil	samples	collected	for	this	experiment	were	not	as	homogenous	as	samples	should	be	to	
classify	them	correctly.	Classifying	the	soils	is	useful	to	be	able	to	compare	them	to	typical	infiltration	
rates	and	typical	hydraulic	conductivities.	Because	the	samples	were	somewhat	heterogeneous,	it	is	not	
clear	exactly	what	class	of	soil	they	belong	in.	However,	the	samples	did	appear	to	be	mostly	composed	
of	sand	combined	with	loam	and	a	few	coarse	rocks.	Sample	B	had	the	most	loam,	and	soil	sample	A	had	
the	most	sand.		
Typical	infiltration	rates	for	loamy	sand	are	about	5	cm/hr.	For	sandy	loam,	a	similar	soil	
composition	but	consisting	of	a	greater	percentage	of	loam,	typical	infiltration	rates	are	around	2.5	
cm/hr.	For	loam,	infiltration	rates	are	estimated	to	be	1.27	cm/hr	(ASCE,	1998).	The	initial	infiltration	
rates	were	very	high	using	the	Green-Ampt	model	and	Philip	compared	to	typical	values.	As	the	soil	
became	more	saturated	through	the	duration	of	the	storm,	the	infiltration	rates	fell	into	typical	ranges.	
The	hydraulic	conductivities	measured	from	the	permeameter	tests	were	within	the	range	for	
typical	loamy/sandy	soils.	For	loam	soils,	hydraulic	conductivity	ranges	between	0.417	to	4.17	cm/hr.	For	
fine	and	medium	grain	sandy	soils,	hydraulic	conductivities	can	range	between	4.17	to	83.33	cm/hr	
(Guideal,	et	al.,	2011).		However,	hydraulic	conductivities	are	generally	on	the	lower	end	of	this	
spectrum	for	sandy	soils.	The	hydraulic	conductivities	calculated	in	this	experiment	show	that	sample	A	
had	a	higher	hydraulic	conductivity	likely	due	to	containing	a	higher	percentage	of	sand.	Samples	B	and	
C	fall	in	the	range	for	loamier	soils,	and	they	did	have	a	greater	percentage	of	organic	and	decaying	
material.		
A	reason	that	the	infiltration	rates	were	relatively	high	in	the	first	two	to	three	hours	of	the	
storm	is	that	there	was	a	large	difference	between	the	saturated	and	field	moisture	contents.	The	
moisture	contents	in	the	soil	samples	were	low	for	samples	A	and	C,	with	the	lowest	being	5.5%.	Soil	
that	is	a	host	to	plants	preferably	has	a	moisture	content	around	20%	to	keep	the	plants	healthy,	so	it	is	
surprising	that	the	moisture	contents	of	samples	A	and	C	were	so	low	(Jaynes	and	Gifford,	1981).	There	
had	been	rain	on	and	off	for	two	days	prior	to	sampling,	but	very	little	rain	the	week	before	that.	There	
is	a	chance	that	some	of	the	water	in	the	soil	samples	may	have	evaporated	due	to	the	bags	not	being	
sealed	tight	enough	while	they	waited	to	be	tested.	Lower	initial	infiltration	rates	and	thus	lower	
infiltration	potentials	would	have	been	calculated	if	there	were	a	higher	initial	moisture	content.		
Both	models	resulted	in	high	infiltration	rates	for	samples	A	and	C	at	the	start	of	the	storm,	
likely	due	to	their	low	initial	moisture	contents.	The	Green-Ampt	model	showed	a	more	gradual	decline	
in	infiltration	rates,	especially	for	sample,	A	which	was	around	10	cm/hr	for	the	first	hour	of	the	storm.	
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This	was	in	part	due	to	the	time	of	ponding.	The	infiltration	rate	generally	falls	less	rapidly	directly	after	
the	time	of	ponding	because	there	is	less	air	in	the	pores	of	the	soil	and	the	pores	conduct	water	more	
efficiently.	The	results	from	the	Philip	model	showed	that	the	infiltration	rate	decreased	exponentially	
soon	after	the	storm.	Exponential	decreases	in	infiltration	rates	usually	happen	early	in	a	storm.	It	
depends	on	the	storm,	but	generally	in	the	first	hour	or	so	(Turner,	2006).	Although	both	models	have	
uncertainty,	the	Philip	resulted	in	an	infiltration	capacity	curve	more	similar	to	typical	infiltration	
capacity	curves.		
The	rate	at	which	the	infiltration	capacity	curve	declines	affects	the	amount	of	water	that	the	
soil	can	hold,	or	the	infiltration	capacity.	Although	both	models	resulted	in	infiltration	rates	within	
normal	ranges	during	some	time	periods,	and	both	models	have	the	same	general	shape,	their	
infiltration	capacities	are	very	different.	Sample	A	had	an	infiltration	potential	of	30.7	cm	at	the	end	of	
the	four	hour	storm	using	the	Green-Ampt	model,	and	had	an	infiltration	potential	of	19.2	cm	using	the	
Philip	model.	Similar	trends	were	found	in	the	other	samples.	Both	models	have	uncertainty,	but	the	
Philip	model	has	a	more	conservative	approach,	which	is	generally	better	to	use	when	reporting	
infiltration	capacities.	 		
The	Green-Ampt	model	would	have	been	more	accurate	in	predicting	the	infiltration	rates	and	
potentials	if	the	soil	suction	head	was	known.	There	are	many	ways	to	measure	soil	suction	but	the	
experimentation	required	was	out	of	the	scope	of	this	project.	However,	the	effect	of	suction	head	
variation	was	explored	by	using	a	range	of	plausible	soil	suction	heads	for	each	soil	(Table	5).Sample	B’s	
infiltration	rate	varied	the	least	with	values	between	1.34	cm/hr	and	1.83	cm/hr	with	soil	suction	
ranging	from	25	cm	and	65	cm,	respectively.	These	infiltration	rates	are	more	common	for	“garden	soils”	
that	contain	a	significant	amount	of	organic	material.	Another	reason	that	sample	B	had	lower	
infiltration	rates	is	because	sample	B	had	the	highest	initial	moisture	content,	decreasing	the	difference	
between	the	saturated	and	field	moisture	contents.	Sample	A’s	infiltration	rate	varied	the	most	from	4.9	
cm/hr	with	a	soil	suction	head	of	10	cm	and	6.5	cm/hr	with	a	soil	suction	head	of	50	cm.	This	difference	
in	range	in	soil	suction	head	is	the	same	as	the	range	for	sample	B,	but	sample	A	used	larger	values	for	
the	soil	suction	heads.		
Sample	A	had	the	greatest	difference	between	initial	and	saturated	moisture	contents,	which	is	
another	reason	for	the	wider	range	of	infiltration	rates	and	thus	potentials.	Comparing	the	data	where	
the	soil	suction	heads	for	A	and	B	were	similar,	it	is	evident	the	infiltration	rate	in	sample	A	was	still	
much	higher	than	sample	B.	This	demonstrates	how	much	initial	moisture	content	can	change	the	
infiltration	rates.	If	a	soil	is	dry,	it	craves	moisture	and	absorbs	it	like	a	sponge.	If	it	is	already	saturated,	
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the	infiltration	rate	and	thus	infiltration	potential	is	much	smaller.	The	results	from	samples	A	and	B	
show	that	if	a	soil	is	well	saturated,	the	soil	suction	head	will	have	less	of	an	impact	on	the	variation	of	
infiltration	rates	and	potentials.		
There	was	a	sharp	decline	in	the	infiltration	rate	for	the	Philip	model	because	the	infiltration	
rate	decreases	rapidly	due	to	the	time	variable	in	the	first	term	of	equation	8.	Using	only	two	terms	for	
the	Philip	model	instead	of	the	infinite	series	solutions	means	that	the	infiltration	rate	will	approach	the	
hydraulic	conductivity	over	a	certain	period	of	time,	and	will	eventually	become	negative	over	very	long	
periods	of	time.	Infiltration	rates	tend	to	asymptotically	approach	the	saturated	hydraulic	conductivity	
after	long	periods	of	infiltration	(Warrick	and	Nielsen,	1980).	However,	infiltration	rates	should	never	
actually	reach	the	saturated	hydraulic	conductivity	since	there	will	always	be	some	air	trapped	in	the	
soil,	meaning	that	the	flow	in	the	soil	is	not	perfectly	saturated	(Ojha,	et	al.,	2017).	Sample	A	was	the	
only	sample	that	had	an	infiltration	rate	go	below	the	hydraulic	conductivity.	Samples	B	and	C	started	to	
approach	their	respective	hydraulic	conductivities	at	four	hours,	indicating	that	the	storm’s	time	period	
worked	well	for	those	samples.	Sample	A’s	hydraulic	conductivity	was	approached	at	about	2.5	hours.	
Soils	with	larger	differences	in	saturated	and	initial	moisture	contents,	higher	hydraulic	conductivities,	
and	longer	lengths	of	wetting	front	will	be	valid	for	shorter	periods	of	time,	which	is	what	was	seen	by	
comparing	these	samples.		
	 The	Philip	model	results	are	uncertain	because	of	the	use	of	the	best-guessed	wetting	front	
length.	The	wetting	front	length	was	based	on	the	infiltration	rate	being	equal	to	the	infiltration	rate	
using	the	Green-Ampt	model	at	the	time	of	ponding.	Making	those	infiltration	rates	at	the	time	of	
ponding	equal	yielded	the	wetting	front	length	for	the	Philip	model.	This	method	was	used	because	the	
Philip	model	assumes	ponding	conditions.	The	general	form	of	the	Green-Ampt	model	also	assumes	
ponding	conditions,	but	a	correction	was	applied	so	that	if	the	time	of	ponding	is	known,	the	assumption	
does	not	need	to	hold	for	the	duration	of	the	storm.	For	samples	A	and	C,	the	time	of	ponding	was	not	
until	about	one	hour	and	one	half	hour	after	the	start	of	the	storm,	respectively.	However,	the	
infiltration	rates	and	potentials	before	the	time	of	ponding	using	the	Philip	model	may	not	be	as	
accurate.		
	 The	wetting	front	lengths	that	were	calculated	from	the	Green-Ampt	model	yielded	results	that	
seemed	reasonable	and	made	sense	for	each	sample	individually.	These	results	provided	some	validity	
for	the	Green-Ampt	model	for	these	soils	samples	and	thus	the	Philip	model.	However,	that	does	not	
mean	that	the	results	were	accurate,	but	were	within	reasonable	ranges	(ASCE,	1998).	Table	6	shows	
several	wetting	front	lengths	for	each	sample	to	see	how	the	wetting	front	length	affects	the	soil’s	
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sorptivity,	the	infiltration	rate,	and	infiltration	potential.	Sample	A	was	calculated	with	wetting	front	
lengths	over	a	wider	range	since	sandier	soils	can	typically	have	longer	wetting	fronts,	but	can	also	be	
short	like	clayey	soils	depending	on	factors	such	as	how	recently	a	rain	event	occurred,	initial	moisture	
contents,	etc.	Because	of	the	wider	range	of	wetting	front	lengths,	the	infiltration	rates	and	potentials	
ranged	more	vastly	than	the	other	samples.	The	original	calculation	for	sample	A	had	a	wetting	front	
length	of	19	cm,	although	if	the	infiltration	rate	was	calculated	with	a	shorter	wetting	front,	the	results	
would	have	been	closer	to	typical	measurements	of	infiltration	rates.	Sample	B	showed	the	most	
plausible	infiltration	rates	from	0.51	cm/hr	to	1.07	cm/hr	calculated	with	wetting	front	lengths	ranging	
from	1	cm	-	16	cm,	respectively.	Sample	B	was	assumed	to	have	shorter	wetting	front	lengths	because	
organic	material	tends	to	hold	on	to	moisture	and	does	not	drain	through	the	soil	as	easily.		
	 When	computing	infiltration	rates,	a	conservative	approach	should	always	be	used.	Usually	the	
measured	hydraulic	conductivity	is	decreased	by	a	factor	of	2	-	4	as	a	factor	of	safety	to	yield	
conservative	results.	This	was	not	done	for	this	experiment	and	may	have	resulted	in	overestimating	the	
infiltration	rates	and	potentials.	The	infiltration	rates,	especially	for	sample	A,	probably	would	have	been	
more	accurate	if	a	conservative	hydraulic	conductivity	was	used.		
Another	method	that	could	have	been	used	to	yield	results	that	are	more	realistic	would	have	
been	to	measure	the	field	moisture	contents	as	soon	as	possible	after	collection.	The	initial	moisture	
contents	for	samples	A	and	C	were	very	low,	and	this	affected	the	results	for	both	models.	The	
infiltration	rates	and	potentials	for	samples	A	and	C	were	much	higher	than	sample	B,	likely	due	to	the	
initial	moisture	contents.	Both	models	were	a	function	of	the	saturated	and	initial	moisture	contents.	
The	moisture	contents	are	directly	used	for	calculating	the	infiltration	rate	and	potential	for	the	Green-
Ampt	model,	and	was	applied	to	find	the	soil	suction	head	using	Clapp	and	Hornberger	relationship.	The	
difference	in	initial	and	saturated	moisture	contents	are	a	function	of	sorptivity	for	the	Philip	model.	
Sorptivity	values	were	much	lower	for	sample	B	because	of	the	smaller	change	in	initial	and	saturated	
moisture	contents.		
	
CONCLUSIONS	
	 The	Philip	model	appeared	to	be	most	conservative	estimate	in	this	particular	experiment	based	
on	the	infiltration	capacity	curve.	There	was	a	sharp	decline	in	infiltration,	which	is	what	would	be	
expected,	especially	if	the	soil	was	initially	dry	but	becomes	wet	over	time.	The	Philip	model	also	yielded	
results	for	the	infiltration	rate	that	approached	the	hydraulic	conductivity	for	samples	B	and	C,	
suggesting	that	it	may	have	been	somewhat	valid	for	that	time	interval.	The	Green-Ampt	model	works	
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well	for	this	kind	of	soil,	but	the	variability	in	soil	suction	head	leaves	the	results	somewhat	uncertain	for	
this	experiment.	Since	the	Philip	model	was	based	on	the	Green-Ampt	model’s	infiltration	rates,	this	
makes	the	Philip	model	uncertain	as	well.	However,	because	the	results	are	more	conservative,	it	would	
be	the	best	model	on	which	to	base	conclusions	about	the	infiltration	rates.		
	 Sample	B	had	infiltration	rates	that	were	in	typical	ranges	for	loamy/sandy	soils,	and	varied	the	
least	with	a	change	in	suction	head	and	the	wetting	front	length.	This	was	likely	due	to	the	high	initial	
moisture	contents.	If	the	initial	moisture	content	is	high,	it	will	absorb	less	water,	and	the	rate	of	water	
absorbed	over	time	will	not	change	as	dramatically.	Sample	A	and	C	had	very	low	initial	moisture	
contents	which	changed	the	infiltration	rates	and	potentials	for	both	models	significantly.	The	field	
moisture	contents	may	have	been	higher	for	sample	A	and	C	when	first	collected,	but	their	sandier	
composition	may	have	allowed	the	water	to	evaporate	more	easily	than	sample	B.	Since	there	was	more	
organic	matter	in	sample	B,	the	organic	material	could	hold	on	to	its	original	moisture	content	for	longer	
periods	of	time.		
The	results	from	this	experiment	provided	estimates	for	the	infiltration	rates	and	infiltration	
potentials,	but	may	not	fully	represent	field	conditions.	By	comparing	the	variables	used	and	examining	
how	the	results	change	with	changing	variables,	it	is	evident	that	the	initial	moisture	content,	the	soil	
suction	head,	and	the	length	of	wetting	front	all	change	the	results	and	how	the	results	should	be	
interpreted.	The	suction	head	for	the	Green-Ampt	method	should	be	measured	because	it	is	such	a	
variable	term	for	different	soils,	and	there	is	no	accurate	way	to	predict	what	the	suction	head	will	be	
from	soil	to	soil.	The	Philip	model	is	more	accurate	if	the	infiltration	rates	are	measured	in	the	field,	and	
data	can	be	fit	to	the	Philip	model	to	estimate	the	sorptivity	and	gravity	constant.	Further	tests	should	
be	done	when	using	these	models	and	a	factor	of	safety	should	be	applied	to	the	hydraulic	conductivity.		
Without	being	able	to	perform	a	rainfall	simulation,	it	is	impossible	to	know	which	model	
worked	best	for	which	samples.	To	interpret	conservative	conclusions	from	these	results,	sample	B	
should	be	the	sample	under	examination	since	it	had	the	lowest	hydraulic	conductivity	and	infiltration	
rate.	The	Philip	model	would	be	a	more	conservative	estimate	for	this	experiment	since	the	infiltration	
capacity	curve	showed	a	steeper	exponential	decline.	When	the	infiltration	rate	decreases	rapidly,	the	
overall	infiltration	capacity	also	decreases,	so	the	Philip	model	would	provide	a	more	conservative	
estimate	for	infiltration	potential	as	well.	The	infiltration	capacity	for	sample	B	was	4.3	cm,	which	was	
the	lowest	of	all	the	samples	between	the	Philip	model	and	Green-Amp	model.	The	infiltration	rate	at	
four	hours	was	0.77	cm/hr,	which	was	also	the	lowest.	This	value	is	within	typical	ranges	for	sandy	loam	
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soils,	which	is	likely	the	soil	class	for	sample	B.	If	a	six	year	storm	were	to	happen	at	the	site,	the	soil	bed	
would	not	be	able	to	handle	the	precipitation	and	the	stormwater	flow	from	the	roof	at	9.8	cm/hr.		
Due	to	the	soil	bed	unable	to	handle	the	flow	assuming	a	flattened	soil	bed,	the	capstone	group	
will	provide	recommendations	to	the	client	for	additional	soil	bed	improvements.	These	improvements	
will	include	implementing	a	French	drain	along	the	length	of	the	soil	bed	where	the	stormwater	can	flow	
with	the	gradient	of	the	soil	bed,	parallel	to	the	building,	and	underneath	the	parking	lot.	Vegetation	will	
also	be	recommended	to	help	stabilize	the	soil.	A	hearty	plant	species	that	would	thrive	and	spread	well	
in	that	area	is	kinnikinnick.	Another	recommendation	for	the	client	would	be	to	line	the	sidewalk	with	
bricks	to	prevent	debris	from	being	blown	or	washed	onto	the	sidewalk.	Infiltration	modeling	was	a	
useful	tool	in	evaluating	the	capacity	of	site	soil	to	infiltrate	precipitation	from	a	4-hour	six	year	storm,	
and	confirmed	the	need	for	these	additional	site	improvement	recommendations.		
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